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Abstract

Petrophysical data on 364 rock specimens from southwest Arizona are 
tabulated and summarized by major rock suites for that part of southwest 
Arizona covered by the Ajo 1° x 2° quadrangle and the Papago Indian 
Reservation. Data for 202 of these specimens are new and previously 
unreported. The tabulation also contains data from theses by B. A. Hargan and 
B. T. May, University of Arizona.
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Density, porosity, and magnetic properties of rock 

specimens from southwestern Arizona

by 

Douglas P. Klein

and

Gordon R. Johnson 

INTRODUCTION

This report presents data obtained from petrophysical examination of 202 
rock samples collected in conjunction with geophysical field work in 
southwestern Arizona (fig. 1). Many of the sample sites are on the Luke Air 
Force Gunnery and Bombing Range which ordinarily has limited access. Physical 
properties measured were density, porosity, magnetic susceptibility, and 
natural remanent magnetization. Rock samples were taken as time permitted 
during the course of gravity surveys which determined the distribution of 
sample sites. Petrophysical analysis was also performed on a time available 
basis, thus complete analyses are not available for all rocks.

The new data are supplemented by data from 118 sample locations tabulated 
in the University of Arizona Gravity Data Base bedrock file. These data were 
provided to the U.S. Geological Survey under terms of a research grant (see 
Hargan, 1978) awarded to the University by the U.S. Geological Survey. Also 
included in the present compilation are data from 44 samples analyzed for 
magnetic properties and reported in a thesis by B. T. May (1968). There also 
exists a summary of rock-density data in the vicinity of lat. 32°N, long. 
112°W by Greenes (1980), and a generalized discussion and tabulation of 
petrophysical data of mineralized terrane in the Southwest by Brant (1966). 
Neither of the latter two data sets are included here.

DATA

Appendix B tabulates the locations, rock identifications, and 
petrophysical measurements for all samples of this report. The tabulation is 
a computer listing that has been sorted alphabetically first by rock type (the 
abbreviations used are listed in appendix A) and second by physiographic 
locality. Sample locations except for those extracted from May's thesis 
(1968) are shown on plate 1. May's data were collected in a small area 
surrounding the Ajo porphyry copper deposit and individual sample locations 
cannot be clearly shown at the scale of 1:250,000. The source of data is 
listed in appendix B as: 1, USGS data; 2, University of Arizona data; 3, 
May's data.

Sampling for the USGS data consisted of collecting one or more hand-sized 
specimens from each locality. The specimens were broken from rock-outcrops 
without determining orientation. These specimens were subsequently cored to 
produce, on the average, about five cylindrical samples from each locality for 
analysis. Each core was one-inch (25 mm) in diameter and 1-2 inches (25-50 
mm) in length. Appendix B lists the average of results of laboratory
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Fig. 1 -- Map showing area of rock sampling in southwest Arizona. The hachured 
border shows the area of plate 1, and includes the Ajo 1-degree by 
2-degree quadrangle (lat. 32° - 33° N., long. 112° - 114° W), the 
Papago Indian Reservation, Luke Air Force Bombing and Gunnery Range 
(LAFR), Cabeza-Prieta Game Range (CPGR) and Organ Pipe Cactus Nationa1 ! 
Monument (OP). Porphyry copper mineral deposits shown are Ajo (A), 
Vekol (V), Lakeshore (L), Silver Bell (S) and Pima-Mission (P).



measurements on samples from each locality. The measurement techniques 
followed procedures documented by Hunt and others (1979) and are briefly 
described below. Sample identification for rock type was based largely on 
macroscopic examination of the hand specimens prior to coring. A small 
percentage of the cores were thin-sectioned and subjected to petrographic 
classification. Some of the rock-types listed are highly general, for 
instance "volcaniclastic rock". Three rocks were not identified and are 
listed as unknown. The geologic unit (Wilson and others, 1969, May, 1969, 
Kahle and others, 1978) for each sample locality is shown in Appendix B, but 
is of limited value, except for the area around Ajo, inasmuch as formation 
ages and classifications are often questionable in this part of Arizona. New 
geologic mapping is presently underway.

Density measurements were obtained on the cylindrical samples using the 
buoyancy or Archimedes' method. The samples were dried in an oven at 105°C 
and then weighed (W^) to an accuracy of 0.1 mg. The samples were next vacuum- 
saturated with distilled water and subsequently weighed both in air and 
submerged but suspended in a water bath. From these data dry bulk densities 
(D) were calculated as follows:

D = w - w
s sp

where Wg and Wsp are respectively the water-saturated weights in air and 
suspended in water. The density of distilled water at room temperature was 
assumed to be one g/cur*.

Porosity (P), in percent, were calculated from the above data by the 
relation

W - W, 
P = ( S i 100p cw - w ; 1UU '

s sp
The above equation expresses a measure of the pores that are saturable by 
water. Total porosity can only be obtained by pulverizing the rock material 
to a degree sufficient to eliminate all occluded pores.

Magnetic susceptibilities were measured using a direct-reading model 3101 
Bison bridge, an instrument patterned after a design originally described by 
Mooney (1953). A correction factor was applied to the readings because the 
cylinder lengths were usually less than the depth of the sample holder.

Natural remanent magnetization was determined from measurements made with 
a Schonstedt spinner magnetometer using either a three- or six-spin 
technique. Six-spin measurements are usually required for those samples whose 
remanent intensity falls below 10"^ emu/cm^ (Hunt and others, 1979). In a 
six-spin measurement the core sample is alternately spun in opposite 
directions at each of the three axial orientations. Prior to measurement each 
sample was reduced in length to conform to the 25x25 mm size required for use 
in the Schonstedt magnetometer. Because the original orientation of the 
samples was not known only the remanent magnetic intensity determined as the 
absolute value of the vector sum of the components is reported.

The International System of units (SI) is used in this report. Inasmuch 
as cgs-emu units are commonly reported for petrophysical properties, the 
conversions between systems for the quantities used in this report are



summarized below. The reader is referred to Sheriff (1973, p. 134) for a 
table of conversions for magnetic quantities, and to U.S. National Bureau of 
Standards (1974) and the American Society for Testing and Materials (1976) for 
a description of the SI system.

Volume percent porosity and specific gravity (numerically equivalent to 
cgs density) are constant between systems. SI density (kg/m3 ) is related to 
cgs density (g/cm3 ) by:

10~3 kg/m3 = 1 g/cm3

Remanent magnetization, M, in SI units of amp/m is related to cgs-emu units of 
oersted, or emu/cm , by:

10 amp/m (SI) = 1 oersted (cgs, emu/cm3 )

Note that magnetization has the units of magnetic field, _H, which in the cgs- 
emu system is numerically equivalent to magnetic induction J^ (gauss, JB = y^) 
because the magnetic permeability in free space (u o ) is defined as 1 
gauss/oersted. This equivalence is not present in the SI system because ]i Q = 
4ir x 10"' testa-in/amp.

Magnetic susceptibility, S, is a dimensionless ratio of induced 
magnetization to external magnetic field _H_. The relationships between systems 
is given by:

4ir SI = 1 cgs-emu

The Koenigsberger ratio is also a dimensionless ratio of remanent
magnetization, M, to induced magnetization, SH. This ratio is invariant
between systems. The magnetic field, H, is related between systems by

10 3
-j  amp/m (SI) = 1 gauss (cgs-emu).

A typical value for Earth's total magnetic intensity in southern Arizona is 
79.6 amp/m, equivalent to 0.5 gauss (50,000 gamma).

DISCUSSION

Tables 1-3 summarize the measurements according to the major rock 
suites represented. Tables 1 and 2 show the logarithmic-mean values and 
ranges for magnetic properties; table 3 shows the linear mean values and 
ranges for density and porosity. Range for each quantity is expressed as the 
limits within which 80-percent of the data fall, centered on the median. 
Query marks on the lower range of magnetic susceptibility (Table 1) means that 
the minimum value was less than the resolution of measurement.

The Koenigsberger ratio, Q, andapparent susceptibility, S (Table 2) 
are computed quantities (Nagata, 1969). The Koenigsberger ratio is the ratio 
of the amplitudes of remanent magnetization to induced magnetization that is 
given as:

M 
Q = SH



Table 1   Logarithmic mean values for measured magnetic properties
S and M. The number of samples available for each quantity 
is given by n. Rock-type abbreviations are listed in appendix 
B. Ranges are given as 80-percentile limits centered on the 
median. Queries on the low end of the susceptibility range 
indicate the sample had magnetization below the resolution 
of measurement (1.26 x 10~^ SI, or 0.1 x 10~5 emu).

Rock Suite and 
abbreviated rock 
types included

metamorphic rock

(n)

Susceptibility (S) 
SI x 104
mean range

Bemanent Magnetization (M)
SI x 102
(n) mean range

gneiss-gn (17)
schist-sch, phy (11)

granitoid igneous rock
diorite, granodiorite

-dio, gd (8)
quartz diorite-qd (4)
quartz monzonite-qm (21)
granite-g (40)

aphanatic-porphyritic igneous
basalt-b (41)
andesite-and,andp (46)
latlte-l.lp (5)
dacite-dac,dacp (19)
rhyodacite-ryd (4)
quartz latite-ql,qlp (5)
rhyolite-rhy (19)

indurated volcaniclastic and
volcaniclastic rock-

volc,tuff (85)
breccia , conglomerate-

bx congl (11)
limestone-Is (9)
marble-mar (5)

135.
80.3

10.9
134.
31.8
91.9

rock
104.
109.
17.5
4.86

38.2
0.302
3.82

sedimentary

119.

24.9
35.9
10.9

2.39 -
3.77 -

? -
21.4 -
2.14 -
17.6 -

41,2 -
18.8 -

? -
? -

18.1 -
? -
? -

rock

3.02 -

? _
? -

7.54 -

1110.
5810.

138.
402.
278.
754.

226.
383.
119.
175.
147.
25.1

178.

1150.

692.
178.
20.1

(4)
(2)

(3)
(4)

(15)
(5)

(24)
(ID
(0)
(1)
(4)
(0)
(9)

(13)

(3)
(0)
(0)

68.9
8.45

0.228
11.5
3.61
0.440

32.0
15.8
-
8.62
13.2
-
2.20

17.0

0.692
-
-

2.32 -
4.89 -

.0300 -
1.71 -

0.410 -
0.0200 -

2.38 -
5.77 -

-
-

8.09 -
-

0.07 -

2.34 -

0.400 -
-
-

492.
14.6

2.82
30.6.
30.1
61.8

150.
42.8

26.9

113.

76.1

0.930



Table 2   Logarithmic mean values for computed magnetic 
properties Q and S . The number of samples 
available for each quantity is given by n. 
Rock-type abbreviations are listed in appendix 
B. Ranges are given as 80-percentile limits 
centered on the median.

Rock Suite and
abbreviated rock
types included (n)

metamorphic rock
gneiss-gn (4) 
schist-sch, phy (2)

Koenigsberger's 
Ratio (Q) 
dimensionless 

mean

3.74
0.431

granitoid igneous rock 
diorite, granodiorite

-dio, gd (3) 
quartz diorite-qd (4) 
quartz monzonite-qm (14) 
granite-g (5)

aphanatic-porphyritic igneous rock
basalt-b (24)
andesite-and,andp (11)
latite-l,lp (0)
dacite-dac,dacp (1)
rhyodacite-ryd (4) 
quartz latite-ql,qlp (0)
rhyolite-rhy (9)

2.69
.865

1.10

range

.146 - 518. 
.0570 - 3.26

0.0295 .0100 - 0.0514
0.215 0.0278 - 3.60
0.199 0.0479 - 1.25
0.0453 0.00631- 0.794

0.810 0.0964 - 4.22 
0.831 0.299 - 1.96

0.236 - 1.87 

0.410 - 32.7

indurated volcaniclastic and sedimentary rock 
volcaniclastic rock-

volc.tuff (13) 0.442 .0386 - 7.96 
breccia,conglomerate-

bx congl (3) 0.440 .421 - .468 
limestone-Is (0) - 
marble-mar (0) - -

Apparent
Susceptibility (Sa ) Susceptibility'
SI x 104 CT   in4

220. 
97.5*

29.7
76.5

13.2

204.

range
SI x 10' 
mean

371; 45.7 - 1239. 
105. 16.1 - 680.

80.9 6.23 - 407. 
28.3* 2.31 - 1590.

92.7 - 
35.8 -

38.4 - 

1.43 -

586.
210.

182.

386.

5.69* 3.39 - 7.74

46.4
49.2

20.1 1.58 - 145. 19.4 
212. 98.3 - 443. 134. 

53.2 
24.4

99.2
48.9

8.04
38.2

5.04

27.0 - 932. 96.4

3.95

^Apparent susceptibility should always equal or exceed susceptibility 
for a given sample. However, it will be noted that the starred 
logarithmic mean values are less than their corresponding 
logarithmic mean susceptibilities in Table 1. This is the result 
of the particular values of M and S in sample subsets which had 
both M and S measurements available for calculation of Q and S .

3.
Note that in the starred cases the number of samples with 
measured S greatly exceeds those for measured M. The last column 
shows S (logarithmic mean) for the same subset of data on which
Q and S are calculated, 
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Table 3   Mean values and range for density properties. The 
number of sample measurements for D and P is given 
by n. Ranges are given as 80-percentile limits 
centered on the median. Wet bulk density is a 
computed quantity (see text). See appendix B 
for rock-type abbreviations.

Rock Suite and 
abbreviated rock 
types included (n)

Dry Bulk Density (D)
kg/m3 x 10~3 

mean range (n)

Porosity (P) Wet Bulk Density (W) 
volume-percent kg/m3 x 10 
mean range

metamorphic rock
gneiss-gn
schist-sch,phy

granitoid igneous rock
diorite.granodiorite

-dio,gd
quartz diorite-qd
quartz monzonite-qm
granite-g

(10)
(11)

(4)
(0)
(D

(39)

aphanitic-porphyritic igneous
basalt-b
andesite-and ,andp
latite-l,lp
dacite-dac ,dacp
rhyodacite-ryd
quartz latite-ql,qlp
rhyolite-rhy

indurated volcaniclastic
volcaniclastic rock-

volc, tuff
breccia , conglomerate-

br congl
limestone-Is
marble-mar

(26)
(23)
(0)
(D
(4)
(0)
(7)

and

(56)

(6)
(7)
(5)

2
2

2

2
2

.65

.82

.59
-
.63
.66

2
2

2

2

.63-2

.57-3

.35-2
-
-

.56-2

.77

.16

.69

.73

(10)
(11)

(4)
(0)
(D

(38)

1.
2.

5.
-

1.
2.

9
0

9

5
9

1
 

2

1

.3- 2.8
31- 7.5

.3-12.
-
-

.0- 7.3

rock
2
2

2
2

2

.39

.56
-
.41
.27
-
.38

sedimentary

2

2
2
2

.72

.66

.64

.70

2
2

2

2

.10-2

.21-2
-
-

.22-2
-

.03-2

.88

.77

.32

.66

(26)
(23)
(0)
(D
(4)
(0)
(7)

15.
10.

-
8.

11.
-

16.

0

6
1

9

2

.6-27.

.5-18.
-
-

.5-14.
-

.6-36.

rock

2

2
2
2

.57-2

.54-2

.61-2

.63-2

.92

.78

.69

.87

(56)

(6)
(7)
(5)

7.

9.
1.
1.

1

9
3
7

0.

2
0.
0.

59-17.

.4-17.
22-3.4
33-2.9

2.67
2.84

2.65

2.65
2.69

2.54
2.66

2.49
2.38

2.54

2.79

2.76
2.65
2.71



The value of H used in the calculation was 39.8 amp/m (0.5 oersted) equivalent 
to 50,000 nT (gammas). Apparent susceptibility is calculated as

Sa = S (1 + Q)

The Q value indicates the relative importance of remanent magnetization 
compared to the induced magnetization; a low Q suggests that one may neglect 
remanent magnetization for interpretation. If the Q value approaches 1 or is 
greater than 1, some difficulties may be expected in modelling the magnetic 
field (Strangway, 1967). If the direction of M_ can be ascertained to be 
roughly parallel or antiparallel to JI, Sa can be usefully substituted for S in 
model computations of total magnetic intensity.

The wet bulk density, W, (Table 3) is also a computed quantity. It is 
calculated by the expression:

W = D +
100

where D is the dry bulk density and P is the percent porosity. This quantity 
may be of more value than dry bulk density if one is concerned about rock 
strata beneath the water table. In southern Arizona the water table can be 
from a hundred meters to a kilometer or more below the valley floors.

The more magnetic rock suites (table 1) are the basalts, andesites, and 
volcaniclastic rocks (S about 104 to 119 x 10"^ SI), along with the 
metamorphic rocks (S about 80 x 10"^ SI for schists and 135 x 10"^ SI for 
gneisses). Quartz diorite also shows quite high susceptibility (about 
134 x 10"^ SI) as does granite (about 92 x 10"^ SI). The value for quartz 
diorite is open to query because there are only 4 samples contributing to the 
mean. Mineralized rock in the porphyry copper deposits of the southwest are 
largely associated with granodiorite and quartz monzonite (Creasy, 1966, 
Stringham, 1966) and in line with Brant's observation (1966) these associated 
rocks show relatively moderate susceptibility (about 11 to 31 x 10"^ SI). The 
aphanatic-porphyritic equivalents of these associated rocks show 
susceptibilities of similar or lower values (0.30 and 38 x 10""^ SI) for quartz 
latite and rhyodacite respectively.

The aphanitic igneous rocks generally have lower magnetization than their 
granitoid equivalents. The apparent exception is the granodiorite-rhyodacite 
pair, however there are only 4 samples available for the rhyodacite 
rocks. Although there were too few samples of the porphyries in each rock 
suite to list them separately, the porphyry rocks showed lower 
susceptibilities than the non-porphyries by factors of about 0.05 to 0.5. For 
instance, of the 19 samples of the dacite-dacite porphyry group, the 13 dacite 
rocks had S of 6.00 x 10"^ SI compared to the 6 dacite porphyry rocks with S 
of 3^07 x 10~4 SI; the 2 latite rocks had S of 102. x 10"^ SI compared to 5.41 
x 10"^ SI for the 3 latite porphyry rocks.

The high susceptibility for limestone (about 36 x 10~4 51) i s related to 
relatively high detrital content. Most of the limestones sampled were dark 
grey to black and finely crystalline.

The present data indicate that remanent magnetization on the average 
accounts for over 80-percent of the rock magnetization for the gneiss, basalt,

8



dacite, rhyodacite and rhyolite suites, and for more than 20% of the rock 
magnetization in all other igneous and metamorphic rock suites studied except 
for diorite-granodiorite (3-percent) and granite (5-percent). There are no 
data for the latite and quartz latite rock suites or for the limestone and 
marble suites. It is pointed out that remanent magnetization measurements 
were made on fewer samples than were susceptibility measurements. Those mean 
values shown that are based on less than 11 samples are considered 
tentative. This is true for all quantities in the data tables.

The densest rock suite (table 3) is schist (2.82 x 103 kg/m3 ). Gneisses, 
along with the granitoid igneous rocks have densities whose means cluster 
between 2.59 and 2.66 x 103 kg/m3 . The indurated sedimentary rocks fall 
within the density range 2.64 to 2.70 x 103 kg/m3 . The volcaniclastic rocks 
show densities of 2.72 x 103 kg/m3 and are more similar in density to the 
indurated sedimentary rocks than to the aphanitic-porphyritic igneous rocks. 
The relative high porosities of the volcaniclastic and aphanitc-porphyritic 
rocks (8 to 16%) account in part for their densities being lower than those of 
the granitoid igneous rock suites (2 to 6% porosities).

 3
It is of interest that the dry bulk densities of basalt (2.54 x 10-*

kg/m3 ), andesite (2.65 x 103 kg/m3 ) and rhyolite (2.51 x 103 kg/m3 ) as 
reported by Johnson and Olhoeft (1983) are higher by .09 to .35 x 103 kg/m3 
than the densities reported here (table 3). The data in Johnson and Olhoeft's 
report come largely from measurements on a world-wide distribution of rocks 
compiled by Washington (1917).

SUMMARY

Petrophysical measurements on rock samples from southwest Arizona are 
tabulated in appendix B and are statistically summarized according to major 
rock types in the tables 1, 2, and 3 of this report. The data are further 
condensed in table 4. The granitoid igneous and metamorphic rocks (A) and 
indurated sedimentary and volcaniclastic rocks (D) have similar densities, 
typical of the usual value used to reduce gravity data (2.67 x 10 3 kg/m3 ). 
The granitoid igneous and metamorphic rocks (A) contrast to the more dense 
schists (B) and the less dense, higher porosity, aphanitic-porphyritic igneous 
rocks (C). The four rock groups shown on table 3 are sub-divided into more 
specific rock types that have differing magnetic susceptibility and apparent 
susceptibility. The apparent magnetic susceptibility is a measure of the 
relative importance of remanent magnetization to induced magnetization, but 
the maximum value of this parameter in interpretation can only be realized by 
knowing the direction of remanent magnetization which was not determined in 
the present work. Gneiss (Al) and quartz diorite (A2) are the most magnetic 
rock suites in the present data, followed by the volcaniclastic (Dl) and 
basalt-andesite rock suites (Cl). Remanent magnetization is indicated to be 
important in all these except the quartz diorite suite (A2). Schist (B) is 
also relatively magnetic and its remanent magnetization is of moderate 
importance. The rock suites most commonly associated with mineralized igneous 
rock (A3 and C2) are indicated to be less magnetic than the gneiss (Al) and 
quartz diorite (A2) granitoid rock suites and the basalt-andesite (Cl) and 
volcaniclastic (D2) rock suites. Table 3 shows the rocks of suite C2 to be 
less magnetic but with relatively more important remanent magnetization than 
their granitoid equivalents (A3). Indurated sedimentary rocks (D2) can have 
magnetization equivalent to the less magnetic of the igneous rocks.

9



Table 4   Condensed summary of average magnetic and density
properties for rock-sample measurements in southwest 
Arizona. The values of magnetic susceptibility in 
parenthesis are from the subset of data that was 
used to calculate the apparent susceptibility. 
Values queried are based on less than 11 samples.

Rock Group

A-granitoid igneous- 
metainorphic rock

Magnetic 
Susceptibility 
SI x 104

Apparent Dry Bulk Volume

Al - gneiss 135 (46)? 
A2 - quartz diorite 134? (134)? 
A3 - granite-diorite-

granodiorite-
quartz monzonite 11-92 (19-53)

Susceptibility Density percent 
^ ̂ in4 kg/m3 x 10~3 porositySI x

371 
212?

20-81

2.59-2.66 2-6

B-schist 80 (49)? 105? 2.82 2%

C-aphanitic-porphyritic 
igneous rock

Cl - basalt-andesite 104-109 (49-99) 98-220 
C2 - latite-dacite-

rhyodacite-quartz
latite-rhyolite 0.30-38 (5.0-38) 13-98

2.27-2.56 8-16%

D-indurated sedimentary 
and volcaniclastic 
rock

Dl-volcaniclastic
rock 

D2-sedimentary rock

2.64-2.72 1-10%

119 
11-36

(96) 
(4.0)?

204 
5.69?

10
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A P H £ iM in A A, Table At

List of aooreviations useci for rcc< tyoes in the data 
tabulation of Appendix B.

alsk
and
and, Iprplt
and , myr Icav
and , prpn
and,prpn ,calstr
and,prph,ornplag
and,orph ,prpit
and , vesc
andp
anap, f lasp
t>
n,prph
o, vesc
D , w t h

bx
clt
congl
dac
3ac,acnl-ep
aac,met
d a c f P r p h
dac,prpn,arg
dac,prph ,olag
daco
dacp,bi , plag
dacp,epd
dacp,plag
dacp, orplt
dio
Q

gd
qd, chlz
gd, f ar , la It
qd, peat
gn
g n , d i o , b i
in,g
gn,qm
1
1 , oroh , bi
IP
Is
ls,mic
Is , red

peg
pny
Dhy , tuff
qd
q 1 , p r p h
ql ,silc
dip

with 
with

alasKite
anuesi te
an.jiesite,ligntly proohylitized
andesite witn myrolitic cavities
andesite,porphyritic
anaesi te, porpnyritic
andesite,porpnyritic
anaesite,porpnyritic,propnylitized
a naesite, vesicular
andesite-porphry
anaesite f feldspatnic
basalt
basalt, porphyritic
basalt , vesicular
oa salt ,weatnered '
breccia
calcaluti te
conglomerate
daci te
aacite, altered cniorite-epidote

calcite stringers 
oriented plagioclase

qacite,porpnyritic
dacite,porphyritic,argillaceous
dacite,oorphyritic with plagioclase pnenocrysts
dacite-porpnry
dacite-oorphry,biotite and plagioclase phenocrys
aacite-porphry epodized
dacite-oorphry witn plagioclase pnenocrysts
ciaci te-oorphry ,propnylltized
d i o r i t e
q r a n i t e
granodiorite
qrdnodionte,cnloritizea
aranodiorite,fine-grained,lightly-altered
aranoniorite,pegmatitic
gneiss
gneiss,diorite # i t h biotlte
granite-gneiss
gneiss,quartz-monzonite
latite
latite,porphyritic with oiotite phenocrysts
latite-porphry
1 iinestone
micritic lirrestone
li'fiestone,rea
marble
pegmatite
pnyllite
phyllitic tuff
quartz-diorite
quartz-latite,porphyritic
quartz-latite,sillcified
quartz-latite porpnry

Al



APPENDIX A, Table Ai - continued

qm
q m, c h I z 
q m f 1 a 1 1 
qtf,IChlZ 
q <n , p r p 11
rhy
ryd
sch
sch,qrnscn,tuf f
sfcn,diops
ss,ironst
ss,qtz
tuff
tuff,ashf
tuff,ashf,silc
tuff,has
tuff,scor
tuff,silc
tuff,ss
tuff,volcbx
tuff,we Id
unfc
unfc,silc,calstr
vole
volc^mudf

q u a r t z - .Ti o n z o n i t e 
quartz-monzonite,cnloritized 
quartz- fnonzonite,liqntly altered 
quartz-tionzonite,liqntly chloritized 
quartz-f'ionzonite f proDhylitize-'i

rhyodacite
s c n i s t
qreenschist-tuff
diopslue-sfcarn
sandstone,iron-stained
quartzite
tuff
t u f f , a s n -11 o w
tuff,asn-flow, silicified
tuff,basaltic
tuff,scoriaceous
tuff,silicified
tuff ,sandstone
tuf T r volcanic breccia
tuff,welded
unidentified rock
unidentified rock,silicified
volcanicldstic rocK
voicaniclastic roc<, mudflow

vith calcite strin^

A2



A, Taole A2

hist of 'iboreviations used for geologic 'nap formations in 
the data tabulation of Apoenaix 8.

UNITS US£l) FGK DATA iiUUh'Cf 1 
TAKEw FROM KUHLfc.rCOrtwA* *^U tiA <£!, ( 1976 )

us
Q b
Qts
Qtb
Ts
TVS
Tvi
Tb
Ii
fkq
T K q fin
K v
Ka
MZSC
M z q n
«zq

pCq

Sedimentary deposits
Basalt flows
Sedimentary deposits
basa.lt flows
Conglomerate , orecci a ana sandstone
Silicic volcanic roc,<s
Intermediate volcanic rocxs
Basalt florfs
Hypabyssal intrusive roc<s and plugs
Granitic rocKs: qranate to aiorite
Granitic rocks, accessory Muscovite, garnet
Volcanic roc KS, silicic to natic
Andesite
scnist , onyllite, semi-schist , and quartzite
Gneiss
Granitic rocKS
sedimentary rocKs
Gneiss and scnist
Granitic rocKS

Quaternary
Quaternary
Tertiary and
Tertiary and
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary
Tertiary and
Tertiary and
Cretaceous
Cretaceous

Quaternary 
Quaternary

Cretaceous 
Cretaceous

<*tesozoic 
lesozoic

Precamorian 
Precambr ian

MAP UMTS UShUJ FOR DATA SOUivCR 2 
K QHLE t CON WAY , H AX£L ( 1 9 7 H )

Qs Sedimentary deposits
Qtb Basalt tio'ws
Tb Basalt flo*s
Tvi Intermediate volcanic rocKS
TXg Granitic rocKs,grarute to diorite
ricgm Granitic rocKs , accessory rcuscovite or garnet 

Schist rphyllite , semi -schist , and quartzite 
Granitic rocks , granitic to uioritic

*zsv Sedimentary rocKS
u n k un<nown

Quaternary
Tertiary and
Tertiary
Tertiary
Cretaceous
Cretaceous
Mesazoic
v: esozoic
^esozoic

Quaternary

vjs Sedimentary deposits
Q t P tf a s a 1 1 flows
Jvs Silicic volcanic rocks
!vi Intermediate volcanic rocks
TKr Volcanic rock*s,rhyolitic
j'Kq Granite, quartz fnonzonite,grsnooiorite
TKsc Scnist and pnyllite
iKgn Gneiss
Ka Andesite flows and tuffs

Quaternary
Quaternary
Tertiary
Tertiary
Cretaceous
Cretaceous
Cretaceous
Cretaceous
Cretaceous

ana 
and 
and 
and

Tertiary 
Tertiary 
Tertiary 
Fertiarv

A3
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DiX A, TdDle A 2 - continued

MAP UNITS UStO POH DATA SOUHCt: 3 
KRQ.M B.T.M.AYC196V)

IIf Locomotive Fanglomerate lertiary
rcm Cornelia uuartz ^onzonite Tertiary
Ted Cornelia uuartz w onzonl te f -liori tic border Tertiary
KCV Concentrator Volcanics Cretaceous
oCcq Cardigan Gneiss Preca :Tiorian

A4



A P P hi N i) J X A , 1 a t? 1 e A3

List of aooreviat ions usea to indicate sample station location 
and orefixinq tne sample identification number in aooendix 8, 
In most cases tne location refers to the lb-nunute quadrangle 
in soutnern Arizona.

AGC-AGuA CALIfc>Tt; NlS. 
AGD-AGUA DULCE MTS. 
AGM-AGUILA MTS. 
AJO-AJO
AMP-ANTELOPE PfcAK 
AZH-AZTfc.:C H1L.LS 
BA8-BABOQUIVAR1 
CHU-CHUICHU 
CHV-CHILOS VALLEY 
CMP-CIMARRUrJ pfclAK 
COC-COCURAOUfc tiUTTK 
COM-COMU6A81 HTS. 
CPP-CABEZA PRIfifA PtAK 
D8K-DOUBLK PEAK 
D1P-DIAZ PfcAK 
DIZ-DIAZ PEAK 
?:i\ip-£NGKSS£R PASS 
EST-ESTkEuLA 
GAC-GU ACHI 
GI8-GILA BEND 
GRM-GRAMTE MIS 
GRP-GROWLtR PEAK 
GUA-GU ACHI 
HAT-HAT MUUNTAI'M 
KAA- KAKA VALLEY 
KIP-KINO PfiAK 
KOV-KOM VO 
LSM-LA LES^A MI'S. 
bUK-LUKEVILLK

/'1 0 W - M 0 H A W K
^SE-MOHA»K MTS. SUUIHEAST
MSW-MOHAWK MTi>. SuUTH^KST
^TA-MOUNT AJJ
UNH-ONEILL riILLi>
PAJfi-PALUMAS MT6.
PAP-PAPAGU
PIS-PJSIi-iI-*iiJ
PRP-PRKSUMIDJ PtAK
QTM-GUIJOTOA *'TS.
QUI-QUITUBG QUITO SPRINGS
QUiM-QUlJOTGA ^TS,
RBM-RED BLUFF MUUM'AIh
ROL-RULL
SCM-SIKCJRT CHUAPU rilS.
SEL-SKLLS
S1A-5IERRA AR1UA
SRM-SIbVER k^KF MOUNTAINS
SRO-SANTA ROSA Mis.
SSM-SAwTA rtOSA ;<xS.
SVB-SII.VEK BELL Pr:AK A5



Table A3 -- continued

THE-THKBA 
TlH-TULfc MIS. 
VAH-VACA HILLS

VEM-Vfe,KDL -ITS. 
VHL-VACA HILLS 
VKM-VEKOL MT5. 

SE

A6

Ki



APPENDIX B

Tabulation of rock specimen locations and petrophysical measurements. The 
tabulation is sorted alphabetically first by rock-type abbreviation and second 
by physiographic locality.

Sample: Identification code for the sampling station. The first three 
letters abbreviate the quadrangle name in which the sample was 
acquired.

Physiographic location: The name of the prominent physiographic feature in
the vicinity of each sample station.

Map Unit: Abbreviation of the geologic map unit on which the sample was 
acquired, see Appendix A, table A2.

Rock Type: Abbreviation for the name and description of each sample, see 
Appendix A, table Al.

 L. ^TMagn. Suscept.: Measured magnetic susceptibility in units of 10

Reman. Magn: Measured remanent magnetization in units of 10"^ amp/m (SI).

Dry Dens.: Measured dry bulk density in units of 10 x kg/m .*

_o "51
Wet Dens.: Measured wet bulk density in units of 10 J x kg/m . 

Poros.: Measured volume percent pore space.

Source Code: Code for the source of data: 1, U.S. Geological Survey,
2; University of Arizona (see Hargan, 1978); 3, May (1963).

A value of -1.0 indicates that measurements are not available. A value 
of 0.0 for magnetic susceptibility or remanent magnetization indicates 
that the susceptibility was lower than the resolution of measurement (a 
maximum value of 1.25 x 10 was used in calculations of this report).

Bl
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APPENDIX C

Tabulation of petrographic identification of selected rock specimens. Fifty- 
nine samples are listed according to primary rock types. The sample location 
identification is listed without the three letter prefix of Appendix B that 
identifies the area or quadrangle. Petrographic identification of 
commercially prepared thin sections was by Robin Bradley (USGS, Menlo Park).

Primary Rock Type and
Sample Location Identification Petrographic Identification

andesite
176
178
124b
120
636 
83
121 
53 
86a

175

basalt

60 
186 
124A 
124A 
116 
138 
135 
150 
W20 
35 
151 
157 
65 
30 
17 

174 
57 
70 
49b 
49a
8

215 
86b 
95 
63a

cryptocrystalline hornblende andesite 
pilotaxitic hornblende andesite 
pilotaxitic hornblende andesite 
mesocratic hornblende dacitic andesite 
mesocratic pyroxene-amphibole andesite 
biotite-hornblende-pyroxene andesite 
pilotaxitic pyroxene-amphibole andesite 
hornblende andesite 
pyroxene basaltic andesite 
pyroxene-hornblende andesite

olivine basalt 
olivine basalt
vesicular pilotaxitic olivine basalt 
vesicular pilotaxitic olivine basalt 
pyroxene-olivine basalt 
vesicular olivine basalt 
vesicular pyroxene-olivine basalt 
vesicular pilotaxitic pyroxene basalt 
vesicular pyroxene-olivine basalt 
vesicular pilotaxitic pyroxene basalt 
pilotaxitic pyroxene-olivine basalt 
vesicular pilotaxitic olivine basalt 
vesicular pilotaxitic olivine basalt 
vesicular pilotaxitic olivine basalt 
vesicular olivine basalt 
porphyritic olivine basalt 
vesicular olivine basalt 
vesicular pilotaxitic olivine basalt 
vesicular pilotaxitic olivine basalt 
vesicular pilotaxitic olivine basalt 
vesicular olivine basalt 
vesicular pyroxene-olivine basalt 
porphyritic olivine basalt 
vesicular olivine basalt 
microcrystalline olivine-pyroxene basalt

Cl



dacite

78 

granite

196
130

125 
61 
188 
188a

granodiorite

125
190

159 

rhyodacite

73 
68 
58 
85 
63c

rhyolite

64
52

73

biotite-hornblende dacite

slightly foliated leucocratic biotite granite
slightly lineated leucocratic hornblende-biotite
granite
slightly cataclastic leucocratic biotite granite
slightly foliated leucrocratic biotite granite
leucocratic granite
leucocratic granite

leucocratic biotite granodiorite 
retrograde deuteric metamorphosed chlorite-

epidote-greenshist granodiorite 
muscovite-biotite granodiorite

cryptocrystalline hornblende rhyodacite 
leucocratic biotite rhyodacite 
leucocratic biotite rhyodacite 
leucocratic hornblende-biotite rhyodacite 
leucocratic biotite rhyodacite

biotite-hornblende rhyolite
biotite-hornblende rhyolite with extensive
calcite
biotite-hornblende rhyolite

schist, gabbro, sandstone and quartzite (or tuff)

51
191
193
182
74

sericite-biotite schist
amphibole-epidote-quartz-sericite greenschist 
hornblende-asgirine-augite gabbro 
siliceous ash-fall tuffaceous sandstone 
medium-well-sorted subrounded quartzite 
(or siliceous tuff) - poor slide

C2


